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(54) Optical distance measuring equipment and method therefor 



(57) In a distance measuring equipment, a plurality 
of line beams (3) transmitted from a light source (1) irra- 
diate measuring objects (A.B) to form a plurality of 
images on linear light sensors (6,7). The linear light sen- 
sors (6,7) receive the plurality of images and generate a 
plurality of electric signals corresponding to quantity of 
received light. A distance calculator portion (15) carries 

HG.3 



out product-sum operation using a predetermined func- 
tion based on the plurality of electric signals, estimating 
a function ot approximate to a location of image from a 
result of. the product-sum operation, and calculates a 
distance to the measuring object. Thus the distance to 
the measuring object can be measured at high speed 
and with high precision. 
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Description 

BACKGROUND OF THE INVENTION 

1 . Field of the Invention s 

The present invention relates to an optical distance 
measuring equipment and method and, more particu- 
larly an optical distance measuring equipment and 
method capable to measure a distance to a measuring io 
object on a non-contact basis in a steel sheet plant, etc. 

2. Description of the Prior Art 

Conventionally the optical triangulation system has is 
been used as a system for measuring the distance to a 
measuring object on a non-contact basis. According to 
the optical triangulation system, a light beam emitted 
from a distance measuring equipment is reflected by a 
measuring object, then a location of the reflected tight is 20 
detected by an optical sensor, and then a distance from 
the distance measuring equipment to the measuring 
object is detected. Although PSD (position sensitive 
photo-semiconductor device), CCD, or the like has been 
used as a particular example of the sensor, the CCD 25 
with a large number of photo-diodes to receive reflected 
lights would be used for high precision. 

FIG. 1 shows a configuration of an optical distance 
measuring equipment in the prior art. 

As shown in FIG. 1, a light emitted from a light 30 
source 101 is focused by an objective lens 103 and irra- 
diates a measuring object as a light beam 110. Assum- 
ing that the measuring object is located at a point A or a 
point B. a light beam reflected from the measuring 
object forms an image on a point (a) or a point (b) of a 3S 
CCD 105 serving as linear light sensor devices via a 
focusing lens 104. Where reference numerals 111 and 
1 12 denote linear paths of reflected light beams from 
the points A and B respectively. 

When the location of the measuring object is varied, . 40 
such variation in the location of the measuring object 
appears as variation in a location of the light beam 
which is formed on the linear CCD 105. Therefore, the 
location of the measuring object can be detected by cal- 
culating this variation in the location of the light beam. In 45 
order to calculate the location of the measuring object, 
electric signals generated by respective photo-diodes 
on a light receiving surface of the linear CCD 105 are 
converted into respective digital values by an AD con- 
verter 106, and a microcomputer 108 then stores these so 
digital values in storing means and calculates the loca- 
tion of the measuring object in accordance with these 
stored digital values. 

FIG.2 is a characteristic diagram schematically 
illustrating a relationship between the location Z of the ss 
light receiving surface of the linear CCD 105 and quan- 
tity P(Z) of received light in the prior art. 

In FIG.2. black round marks denote values detected 



by respective elements of the CCD 105, and a solid line 
denotes an approximate curve to connect these values. 
The microcomputer 108 calculates a center-of -gravity 
location of quantity of light detected by respective ele- 
ments and connected by the solid line and then detects 
an image forming location Zp. That is. 

2p=Zl£© (1) 



where Z is a location of the light receiving surface 
of the linear CCD 1 05. and P(Z) Is quantity of light in the 
location Z. 

Then the microcomputer 108 calculates a geomet- 
rical relationship between the image forming location Zp 
and the measuring object in FIG.1 and detects the loca- 
tion of the measuring object in the end. 

However, in the conventional optical distance 
measuring equipment, its measuring precision is not so 
high since problems discussed hereinbetow exist. 

1) Reflectivity is not uniform over an entire surface 
of the measuring object. Therefore, the center-of- 
gravity location cannot be calculated precisely 
since the curve of quantity of light P(Z) Is deformed 
due to variation in reflectivity on respective measur- 
ing locations. For instance, in the event tiiat the 
curve is deformed as indicated by a dotted line in 
FIG. 2. the center-of-gravity location shifts corre- 
spondingly This means that, in the case that a dis- 
tance to a steel sheet continuously running through 
the steel sheet plant, for example, is to be meas- 
ured, it is not feasible to detect the distance pre- 
dsely 

2) Assume that the distance from the light source to 
the measuring object is L and the light source 
rotates by an Infinitesimal angle 5 6 , a light spot on 
the measuring object shifts by L 5 e . In other words, 
since the infinitesimal rotation of the light source is 
amplified and then appears on the measuring 
object, the measured distance is rendered incor- 
rect. 

3) In order to achieve the high precision measure- 
ment, there is necessity of using a coherent light 
which is equal in wavelength and phase as a light 
source. However, if such coherent light beam is irra- 
diated, light beams reflected from the measuring 
object interfere with each other because of surface 
unevenness of tiie measuring object to thus gener- 
ate speckles. Such speckles then cause distur- 
bance in the curve of quantity of light P(Z), so that 
tiie center-of-gravity location shifts correspondingly. 

4) Since the center-of-gravity location of a single 
light spot is measured, precision in measurement 
cannot be improved. 
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SUMMARY OF THE INVENTION 

Therefore, it is an object of the present invention to 
provide a distance measuring equipment and method 
capable to measure a distance to a measuring object at s 
high speed and with high precision. 

According to an aspect of the present invention, 
there is provided a distance measuring equipment com- 
prising a light source for transmitting a plurality of line 
beams to Irradiate a measuring object, a linear light sen- 
sor being set perpendicularly to a direction of a line of 
the line beams for receiving a plurality of images which 
are formed by the line beams on the measuring object, 
and distance calculating unit for carrying out product- 
sum operation using a predetermined function based on 
electric signals generated correspondingly to a distribu- 
tion of a quantity of a light which is received by the linear 
light sensor, estimating a function to approximate to a 
precise location of the images from a result of the prod- 
uct-sum operation, and calculating a distance to the 
measuring object. 

In the preferred embodiment of the present inven- 
tion, the distance calculating unit carries out the prod- 
uct-sum operation using a function having a plurality of 
peaks corresponding to the distribution of the quantity of 
the light to be received by the linear light sensor as the 
predetermined function so as to calculate convolution or 
correlation. 

In the preferred embodiment of the present inven- 
tion, rt employs a plurality of the linear light sensors. 

According to another aspect of the present inven- 
tion, there is provided a distance measuring method 
comprising the steps of transmitting a plurality of line 
beams from a light source, receiving by means of a lin- 
ear light sensor images which are formed on a measur- 
ing object to correspond to the plurality of line beams^ 
carrying out product-sum operation using a predeter- 
mined function based on electric signals generated cor- 
respondingly to a distribution of a quantity of a light 
which is received by the linear light sensor, estimating a 
function to approximate to a location of image from a 
result of the product-sum operation, and calculating a 
distance to the measuring object. 

According to still another aspect of the present 
invention, there is provided a distance measuring 
method comprising the steps of arranging at least two of 
the distance measuring equipments on both sides of a 
sheet-like measuring object, calculating distances from 
respective distance measuring equipments to the 
sheet-like measuring object, and calculating a thickness 
of the sheet-like measuring object based on the dis- 
tances calculated by the distance measuring equip- 
ments. 

In operation, according to an aspect of the present 
invention, a plurality of line beams transmitted from the 
light source irradiate the measuring object and form a 
plurality of images on the measuring object. The linear 
light sensor receives the plurality of images and gener- 



ates a plurality of electric signals corresponding to the 
quantity of received light distributed along a line perpen- 
dicularly crossing the plurality of images. The distance 
calculating unit carries out product-sum operation using 
a predetermined function based on the distribution of 
the plurality of electric signals from the linear light sen- 
sor, estimates a function to approximate to a precise 
location of the images from the result of the product- 
sum operation, and calculates the distance to the meas- 
uring object. 

In addition, according to the preferred embodiment, 
the distance calculating means carries out the product- 
sum operation using a function having a plurality of 
peaks corresponding to the distribution of the plurality of 
images as the predetermined function so as to calculate 
convolution or correlation. 

Further, according to tiie preferred embodiment, it 
employs a plurality of linear light sensors. As a result, as 
shown in FIG.6, even if two linear light sensors P, Q rec- 
ognize in error a location R as the true location O of the 
measuring object, the true location O can be detected 
by corrective calculation. 

In operation, according to another aspect of the 
present invention, a plurality of line beams are transmit- 
ted from the light source, then images which are formed 
on the measuring object by the plurality of line beams 
emitted from the light source are received by means of 
the linear light sensor, then the product-sum operation 
is carried out using a predetermined function based on 
a plurality of electi^ic signals generated correspondingly 
to the distribution of the quantity of the received light by 
the linear light sensor, then a function to approximate to 
the precise location of the images is estimated from tiie 
result of the product-sum operation, and then the dis- 
tance to the measuring object is calculated. 

In operation, according to still another aspect of tiie 
present invention, at least two of the distance measur- 
ing equipments are arranged on both sides of the sheet- 
like measuring object, then distances from respective 
distance measuring equipments to the sheet-like meas- 
uring object are calculated. arKi then a thickness of the 
sheet-like measuring object is calculated based on the 
distances calculated by the distance measuring equip- 
ments. 

Other and further objects and features of the 
present invention will become obvious upon an under- 
standing of the illustrative embodiments to be described 
in connection with the accompanying drawings or will be 
irKlicated in the appended claims, and various advan- 
tages not referred to herein will occur to one skilled in 
the art upon employing of the invention In practice. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG.1 is a schematic view showing a configuration 
of an optical distance measuring equipment in the 
prior art; 

FIG.2 is a schematic characteristic diagram illus- 
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trating a relationship between a location of a linear 
light sensor and a quantity of received light in the 
optical distance measuring equipment in the prior 
art; 

FIG.3 is a schematic view showing a configuration 
of a distance measuring equipment according to 
the first embodiment of the present invention; 
FIG.4A is a schematic view showing a conventional 
spot light source; 

FIG.4B is a schematic view showing a light source 
employed in the first embodiment; 
FIG.4C is a schematic view showing another light 
source employed in the first embodiment; 
FIG.5A is a characteristic diagram Illustrating a 
relationship between location of a linear light sen- 
sor and distribution of a quantity of received light to 
explain a product-sum operation in the first embod- 
iment. 

FIG SB IS a conceptional view showing convolution 
operation. 

FIGs 5C and 5D are characteristic diagrams illus- 
trating approximate curves Q(2) respectively; 
FIG 5E IS a schematic view showing a center loca- 
tion of convolution R(k): 

FIG 6 IS a graphical representation of a distance 
measuring scheme in the case that two linear light 
sensors provided in the first embodiment; 
FIG.7A IS a schematic view showing measurement 
of a test ptece to explain the principle of measure- 
ment appbed to the second embodiment of the 
present invention: 

FIG. 78 is a schematic view showing measurement 
of a measuring object; 

FIGs.SA and 88 are schematic views showing cali- 
bration methods used respectively when a thick- 
ness is measured according to the second 
embodiment of the present invention; and 
FIG.9 is a graphical representation of a con-ection 
method of an inclination of the measuring object 
according to the third emlxxliment of the present 
invention. 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Prior to explanations of respective embodiments of 
the present invention, a fundamental technical concept 
applied to the present invention will be explained. More 
particularly in order to measure a distance to a planar 
measuring object at high speed and with high precision, 
following means are employed in the present invention. 

1) A light source generating a plurality of line beams 
simultaneously is used and plural distance meas- 
urements are carried out concurrently By employ- 
ing the light source instead of the spot light source 
(prior art) to a line light source (present invention), 
the range of the measuring object can be extended 
and influence of speckles and uneven reflectivity 



can also be reduced. Still further, by effecting 
measurement with the use of a plurality of line 
beams, the same effect as that can be attained by 
carrying out plural measurements at once can be 
5 achieved to thus improve precision in measure- 
ment. In this case, it is preferable to use laser light 
beams as the light source. 

2) Images of a plurality of line light beams are 
formed on a linear light sensor such as a linear 

10 CCD. While displacing the location Z in a function 
Q(Z) to (k-Z) and changing Z throughout the overall 
range, product-sum operation between a predeter- 
mined function Q(Z) having a plurality of peaks, 
each of which is to be set so as to correspond to the 

15 location of the image of each line beam, and quan- 
tity data P(Z) of light on locations Z of respective 
light sensing elements of the linear light sensor is 
carried out in order to calculate values R(k). 

The operation is to be carried out within neces- 

20 sary range of k and then, the highest value of R(k) 
is derived through approximation to a quadratic 
function or a spline function. Further, the location Z 
wherein the highest product-sum operation value 
R(k) to be derived is calculated out up to a small 

25 order less than the size of one sensing element of 
the linear light sensor (e.g., 1/1 0 order of the size of 
one element. "Less than the size of one element" is 
referred to as "subpixel" hereinafter). Here, it 
should be assumed that the function Q(Z) may be 

30 considered such that a plurality of peaks may most 
readily detected from quantity data of light and also 
influence of valley portions is reduced. 

3) As explained in the above items 1) and 2). while 
the location Z is able to be detected up to the sub- 

35 pixel order with high precision, the problems of 
deterioration In precision of measurement owing to 
other errors arise. 

Therefore, by providing a plurality of (for example, 
40 • two) linear light sensors to form images, shift in the ^ 
beam due to vibration of the light source and shift in the 
images due to uneven reflectivity can be corrected in 
terms of calculation. 

Preferred embodiments of the present invention will 
45 be explained in detail hereinbelow. 

(A) First Embodiment 

FIG.3 shows a configuration of a distance measur- 
50 ing equipment according to the first embodiment of the 
present invention. 

First a schematic configuration and a schematic 
operation of the measuring equipment M of the first 
embodiment will be outlined, and then respective ele- 
55 ments such as the light source will be explained in 
detail. 

As shown in FIG.3, a plurality of line-like lights (line 
beams, see FIGs.4B and 4C) emitted from a light 
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source 1 are collected by an objective lens 2 to fbrm a 
light beam 3 which irradiates measuring objects such as 
points A and B. Reflected lights from the measuring 
objects are collected by focusing lenses 4, 5 to form 
images a1 , b1 and images a2, b2 on first and second s 
linear light sensors 6. 7 such as a linear CCD respec- 
tively. The first and second linear light sensors 6, 7 are 
arranged symmetrically with respect to the light beam 3 
emitted from the light source 1 . Further, respective lin- 
ear light sensors are set perpendicularly to the direction io 
of the line of the line beams so as to cross the images 
on the measuring objects. 

Quantity-of-light signals detected by the first and 
second linear light sensors 6, 7 are supplied to A/D con- 
verters 11, 1 2 via signal lines 8. 9 to be converted into is 
digital values. The digital values are then supplied to a 
microcomputer 15 via signal lines 13. 14, so that a dis- 
tribution of quantity data P(Z) of light are stored in a 
memory of the microcomputer 15. Where references 25 
to 28 denote linear paths of reflected light beams from 20 
respective measuring objects at points A and B. 

As described later in detail with, reference to 
FIGS.5A to 5E, the quantity data P(Z) of light are used in 
calculating the product-sum operation for the function 
Q(Z) and in calculating convolution. Subsequently, they 2S 
are approximated by making the use of quadratic func- 
tion, spline function, etc. to calculate central locations of 
the quantity of light. Since there are two central loca- 
tions, a final central location can be detected in terms of 
a method described later. 3o 

The recent remarkable progress in semiconductor 
technology makes it possible to carry out high precision 
calculation such as 32 bit operation. A one chip micro- 
computer with high integration density into which mem- 
ories and peripheral circuits are also incorporated is 35 
available at low cost. For this reason, a large number of 
product-sum operations and complicated approximate 
calculations can be earned out in an extremely short 
time and as a result the present invention can be put 
into practical use. 40 

Subsequently, respective elements will be 
explained in detail hereinbelow. 

(1) Light source 

45 

In the prior art. in order to improve resolving power 
to the measuring object of an arbitrary profile, a spot 
light source formed as small as possible has been used 
as the light source. Images being formed on the meas- 
uring object by the conventional light source are shown so 
in FIG.4A. However, if the measuring object has a pla- 
nar shape like a steel sheet, following processes may 
be applied. 

1) To extend the measuring area of the measuring ss 
object without reduction in resolving power of the 
linear light sensor, light sources capable to transmit 
nanow line beams are used (see FlGs.4B and 4C). 



If so constructed, variation in reflectivity and influ- 
ence of speckles can be reduced by taking an aver- 
age of measured results. 

2) Since the measuring object has a flat surface, 
measurement can be effected at plural points simul- 
taneously. In other words, as shown in FIG.4B. if the 
light source to form three line images is used, three 
peaks are formed on the linear light sensor so that 
an average distance can be derived from three 
peaks. On the contrary, since the distance has 
been calculated based on only one peak in the prior 
art as described above (see FIG.2). the measured 
distance becomes imprecise. 

In addition, as shown in FIG.4C, the more the 
nurrbef of line images, the more the measurement pre- 
cision can be improved. In FIG.4C. a reference x 
denotes the direction of the linear arrangement of 
respective sensing elements in the linear light sensor. 

(2) Distance calculation 

A distance to the measuring object corresponds to 
the focation of the images on the linear light sensor. In 
precise, according to the principle of triangulation. the 
distance can be calculated in accordance with the loca- 
tion of the images, the location of the linear tight sensor, 
and the location of the light beam emitted from the light 
source. If limited narrow ranges are taken into account, 
the distance to the measuring object is in proportion to 
the location of the images. If a total range is then con- 
sidered, the distance is a function of the location of the 
images. Aocordingly. the distance to the measuring 
object can be callsulated by detecting the location of the 
images. 

As shown in FIG,3. when the measuring objects are 
on locations A and B. images are formed on the points 
a1. b1 on the first linear light sensor 6 and images are 
also formed on the points a2, b2 on the second linear 
light sensor 7. Therefore, if the locations of images are 
calculated as described above, the distances can be 
derived from the geometrical relationship shown in 

Fiaa. 

As mentioned earlier, since the light source 1 
employs a plurality of line light sources (FIG.4B). quan- 
tity data P(Z) of light having a plurality of peaks can be 
detected, as shown in FIG.5A. The black round marks 
denote quantity data P(Z) of light on respective ele- 
ments of the linear light sensor. For clarity, these marks 
are connected by the approximate curve. In this exam- 
ple, since the light source generated due to diffraction 
which is caused by irradiating the laser beam to the slit 
Is used, a central peak is high in amplitude and right and 
left peaks are low in amplitude. As the light source for 
generating a plurality of light beams, various means 
such as a combination of a laser and a prism may be 
used. 

In order to measure the distance on the basis of 
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quantity data P(Z) of light, convolution R(k) can be cal- 
culated in terms of product-sum operation between the 
function Q(Z) and quantity data P(Z) of light (see 
FIG.5B). 

As the function Q(Z), a function Is prepared and 
used like that of being able to triangulate the distances 
between peaks of the images formed on the linear light 
sensor by the light source and of having very small val- 
ues con-esponding to the portions of the images easily 
affected by noises. As shown in FIG.5A, small peaks 
other than three major peaks appear if diffraction of light 
is employed in the light source 1 . However, since periph- 
eral data which being easily affected by noises would be 
taken if these small peaks are included in data, these 
small peaks should be deleted. That is, values in such 
range should be zero. As a particular example, a func- 
tion expressed with straight lines for easy calculation is 
illustrated in FIG.5C. but the function Q(2) can be 
expressed with a curve as shown in FIG.5D. 

According to the product-sum operation between 
quantity data P(Z) of light and the function Q{7), convo- 
lution R(k) is performed as follows. 



R(l<) = 2;P(Z)-Q(k.Z) (2) 

2 



Since in the equation (2) the function Q(Z) is sym- 
metrical in the lateral direction (see FIGs.5C, 5D), con- 
volution R(k) reaches the maximum at the value k which 
provides the coincidence between peaks of quantity 
data P(Z) of light and peaks of the function Q(Z). How- 
ever, as shown in FIG.5E. based on approximation with 
the use of quadratic function or spline function, the cen- 
tral location may be calculated from several data around 
the maximum because the convolution R(k) is a discrete 
function. Since R{k) has been subjected to convolution 
process, it forms a peak particularly arourxJ the central 
location and it is very low at locations other than the 
central location. 

Meaning of the function Q(Z) may be considered as 
follows. 

1) By forming peaks corresponding to line light 
beams of the light source in the function, it can be 
available the quantity of light data P{Z) emphasizing 
the peak portions. In other words, a degree of influ- 
ence to the peak portions can be increased in the 
data P(Z). 

2) By forming areas having the small degree of 
influence in the function, the areas in which signals 
are seriously susceptible to influence of noises can 
be deleted. Namely, stray light caused by peaks 
usually appear in the valley portion between two 
peaks so that it is difficult to form a complete valley 
in the valley portion of the data P(Z). However, if the 
value is set to 0 or a small value at the portion cor- 



responding to the valley portion, such influence can 
be remarkably reduced. 

3) In summary, the central value k can be sharply 
calculated in terms of the most suitable function. 

5 

Besides, although the convolution has been calcu- 
lated in the above product-sum operation, a correlation 
may also be calculated in a similar way. In this case, a 
following equation (3) is used. 

10 

R(k) = 2;P(Z)-Q(Z + k) (3) 

2 

15 

The equation (3) is similar to the convolution in 
nature if the function Q(Z) is a laterally symmetrical 
function. 

In addition, following merits can be accepted from 
30 the product-sum operation. 

1} The central value of the distance can be easily 
calculated. 

2) In place of firsUy calculating a plurality of dis- 
25 tances from individual peaks and then calculating a 
representative from the plurality of distances, the 
representative of a plurality of peaks can be calcu- 
lated at once. In other words, quantity data P(Z) of 
light can be used effectively without loss compared 
30 to the distance calculation based on the individual 
peaks. Accurate data being less susceptive from 
the deformation of the peak portions can be col- 
lected. 

35 According to the geometrical arrangement of the 
linear light sensors, such case sometimes occurs where 
images formed on the linear light sensor are not uniform 
over the full surface. Hence, in that case, the function 
Q(Z) has to be modified slightly in compliance with the 

40 location of images formed on the photodetector.. 

Since the product-sum operation needs a plenty of 
^ computational complexity, an amount of calculation can 
be reduced by calculating limited areas around the cen- 
tral location which are actually available. 

45 

(3) A plurality of linear light sensors 

As described above, because of partial variation of 
reflectivity of the measuring object and vibration of the 
so light source, the linear light sensor sometimes detects 
as if the measuring object has been shifted in the hori- 
zontal direction. In this case, the distance calculation 
effected by using a single linear light sensor tends to be 
incorrect. 

55 In such case, if a plurality of linear light sensors are 
arranged, the true distance to the measuring object can 
be detected by corrective calculation. Such variation 
causes no problem in the prior art since merely the dis- 
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tance measuring equipment could be used with such 
low precision that no correction is required for such var- 
iation. But such variation cannot be ignored at present 
when the CCD device including a lot of light sensing ele- 
ments or a plurality of line light sources is employed to 
measure the distance. 

Therefore, corrections described later should be 
conducted. With the advent of microcomputer, as one 
factor, which can calculate 32 bit operation at low cost 
and high speed and with high precision, for example, 
such corrections can be realized actually. 

These corrections will be explained with reference 
to FIG.6. 

As shown In FIG.6. It is assumed that an x axis Is 
set along the horizontal direction while a y axis is set 
along the vertical direction, the light source 1 located on 
the y axis irradiates the measuring object, and the 
measuring object is measured on the y axis. 

For simplicity of explanation, two linear light sen- 
sors P. Q are positioned at locations (II. -dl) and (-12. - 
d2) respectively, and angles 61,62 between respective 
straight lines connecting the linear light sensors P. Q to 
the measuring object R and the y axis are detectable. 
Where values II , 12. d1 , and d2. are all positive. 

Although actually the measuring object is located at 
a point O. the linear light sensors P, Q have measured 
the measuring object as if it is located at a point R due 
to partial variation of r^lectivity. In turn, the linear light 
sensor P judges that the measuring object exists on a 
straight line connecting the point P to the point R, while 
the linear light sensor Q judges that the measuring 
object exists on a straight line connecting the point Q to 
the point R. 

Then, locations of the measuring object in respec- 
tive linear light sensors P, Q (the angle 0 1 between the 
straight line PR and the y axis, and the angle 6 2 
between the straight line QR and the y axis) are given 
by following equations (4) and (5). 



tan 81 



II -X 
y + d1 



tan 82 » 



12 + x 
y + d2 



(4) 



(5) 
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x2 con-esponding respectively to the y 1 , y2 are zero. By 
substituting these x1 , x2. y1 , y2 into the equations (4), 
(5) respectively, tan 6 1 and tan 6 2 become 



tan 61 = 



tan 62 = 
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y1 +d2 



y2+d2 



(7) 



(8) 



With the above results of operation, a distance yO to 
be calculated in the y direction can be obtained by sub- 
stituting the equations (7), (8) into the equation (6). 

vo - (l1-»-l2)y1y2+d1l2y2+d2l1y1 
^ " I2(y 1 + y2) + II (y2 + d2) 



Then, if it is assumed that the points R Q are 
located symmetrically with respect to the y axis and 
d1=d2=d and 11=12=1 . a following equation (10) yields 
the distance yO. 



^ 2 2(y1+y2 + 2d) ^'"^ 



This equation (10) shows that the distance yO from 
the linear light sensors P, Q consists of the first term pro- 
viding an average value of y1 and y2 and the second 
term providing a correction term. 

As described above, the true distance yO fi^om the 
linear light sensors P. Q to the measuring object located 
at the point O can be calculated. 

Incidentally, such calculation can be readily carried 
out by using a powerful and cheap microcomputer. 

(B) Second Embodiment 

The second embodiment corresponds to the case 
where a thickness of a planar measuring object is to be 
measure. 



45 1) Principle of thickness measurement 



If y coordinate of an intersection point between both 
straight lines is calculated by eliminating x from the 
equations (4), (5). an equation (6) can be derived. 



y = 



11 + 12 - dl - tan 91 - d2 - tan 62 
tan 81 4- tan 62 



(6) 



If intersecting points between both straight lines 
PR, QR and the y axis are set as y1 , y2 respectively, 
distances to these points y1 , y2 have to be detected 
individually by the linear light sensors P. Q. Values x1, 



50 



55 



In this case, as shown in FIG.7A, two sets of meas- 
uring equipments M1. M2 having the same configura- 
tion as that of the measuring equipment M shown in 
FIG.3 are arranged over and beneath a test piece 30 
respectively, then distances N1, N2 from upper and 
lower reference surfaces L1-0. L2-0 located over and 
beneath the test piece 30 are calculated by the similar 
way to that in the first embodiment and then results of 
calculation are stored in a storing means (not shown). 
At this time, a thickness DO of the test piece 30 has 
already been known in advance. 

In the event that the measuring object is measured 
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actually, a measuring object 31 such as steel sheet is 
arranged between the measuring equipments Ml. M2 
positioned as discussed above, as shown in FIG.7B, 
and then distances N3. N4 from upper and lower sur- 
faces of the measuring object 31 to the measuring 
equipments Ml. M2 are calculated. Respective differ- 
ences between the distances N3. N4 and the reference 
distances N1, N2 stored in the storing means are 
detected by an arithmetic means (not shown) to thus 
calculate the thickness of the measuring object 31 . 

2) Calibration of measuring equipment 

However, if high precision measurement is intended 
(for instance, measurement on the micron order), peri- 
odical calibration is needed since infinitesimal variation 
in the locations of the light source, the lenses, and the 
linear light sensors used for triangulation. variation in 
the location of the measuring equipments, and the like 
because of temperature change of the outside air and 
thermal influence on material are caused and precise 
measurement is spoiled. 

In particular, in case a thickness is measured indi- 
rectly like the thickness measurement of the above 
sheet material, correct calibration becomes more impor- 
tant. In this case, as shown in FIG. 8 A, correction Is 
made by using the calibration piece 41. The calibration 
piece 41 is made up of a thin portion 41a and a thick 
portion 41b. 

Subsequently, at least two points are measured 
periodically over a full range of the calibration piece 41 
(i.e., from the reference surface L1 -0 of the thin portion 
41a to a reference surface L1-MAX of a thick portion 
41b, and from the reference surface L2-0 of the thin por- 
tion 41a to a reference surface L2-MAX of a thick por- 
tion 41b) and then correction of distance measurement 
between the measuring equipments M1, M2 and 
respective reference surfaces is carried out. Upon this 
calibration, the calibration piece 41 is moved laterally as 
shown by an arrow XI , 

The case shown in F1G.8B is employed when the 
reference point L2-0 of the lower measuring equipment 
M2 is located over the reference point LI -0 of the upper 
measuring equipment Ml. Where LI -MAX, L2-MAX 
denote limits of maximum measuring ranges. A calibra- 
tion piece 42 is arranged movably in the horizontal 
direction such that it does not to interfere the measuring 
object upon measuring the distance whereas it can cal- 
ibrate at least two locations by means of its movement 
upon calibrating the distance. 

(C) Third Embodiment 

In the event that a thickness of a planar measuring 
object is to be measured, a steel sheet is inclined at the 
front end or rear end when the steel sheet is being run- 
ning through the plant. 

As shown In FIG.9. assuming that a true thickness 



of a plane measuring object 51 is d and an inclination of 
the measuring object 51 is 5 6 , the thickness d can be 
measured according to the inclination as if it is 
increased up to d(1+ 5 8 ). 

5 Accordingly as shown in FIG. 9, if both (or one) of 

measuring equipments M3. M4 in another pair are pro- 
vided in the running direction, it is feasible to detect an 
inclination of the measuring object 51 in accordance 
with distance calculation. 

10 Such distance calculation will be explained herein- 
below. 

Assuming that a distance detected by the measur- 
ing equipment Ml is Li. a distance detected by the 
measuring equipment M3 is L3. and a distance between 
15 the measuring equipments Ml . M3 is LD. the inclination 
6 e becomes [L1-L3]/LD and the measured value 
becomes d(1+ 5 9 ). For this reason, the true thickness 
d can be calculated by subtracting 6 0 from the meas- 
ured value. Accordingly, the true thickness can be cal- 

20 culated by correcting the thickness if the inclination can 
be detected. Still further, if one more measuring equip- 
ment M4 can be provided, an inclination of the surface 
can be calculated on the opposite side. 

Since four measuring equipments are provided in 

25 FIG.9. the precision in detecting the inclination can be 
improved by using an average value of two values as 
the inclination In addition, if measuring equipments are 
still further provided in the running direction and the ver- 
tical direction, inclinations can be calculated and cor- 

30 rected in these directions. 

As mentioned above, according to the present 
invention, there are provided the light source for trans- 
mitting a plurality of line beams, a linear light sensor for 
receiving a plurality of images which are formed on a 

35 measuring object by the plurality of line beams which 
are irradiated from said light source to the measuring 
object, and a distance calculating unit for calculating 
product-sum operation using a predetermined function 
based on electric signals corresponding to the plurality 

40 . ,of line beams received by the linear light sensor, extract- 
ing a function approximating to an images position from 
a result of the product-sum operation, and calculating a 
distance to the measuring object, so that plural meas- 
urements can be carried out simultaneously the dis- 

45 tance can be measured uniformly throughout the wide 
range with high precision, the calculations for plural light 
beams can be carried out simultaneously, and func- 
tional values against data of valley portions which lower 
in precision are rendered smalt in product-sum opera- 

50 tion to let influence on the result be reduced. 

In addition, even if movement of images In the hori- 
zontal direction occurs, distance measurement can be 
achieved with good precision by compensating such 
movement since a plurality of linear light sensors are 

55 provided. 

Various modifications will become possible for 
those skilled in the art after receiving the teachings of 
the present disclosure without departing from the scope 
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thereof. 
Claims 

1 . A distance measuring equipment comprising: s 

a light source for transmitting a plurality of line 
beams to irradiate a measuring object; 
a linear light sensor for receiving a plurality of 
images which are formed by said ji^urality of io 
line beams on said measuring object; and 
distance calculating means for carrying out 
product-sum operation using a predetermined 
function based on electric signals generated 
correspondingly to a distribution of a quantity of is 
light which is received by said linear light sen- 
sor, estimating a function to approximate to a 
precise location of the images from a result of 
said product-sum operation, and calculating a 
distance to said measuring object. so 

2. A distance measuring equipment according to 
claim 1 , wherein said distance calculating means 
carries out said product-sum operation using a 
function having a plurality of peaks corresponding 2S 
to said plurality of images as said predetermined 
function so as to calculate convolution or correla- 
tion. 

3. A distance measuring equipment comprising a plu- 30 
rality of said linear light sensors set forth in claim 1 . 

4. A distance measuring method comprising the steps 
of: 

35 

transmitting a plurality of line beams from a 
light source; 

receiving by means of a linear light sensor 
images which are formed on a measuring 
object to correspond to said plurality of line 40 
beams; 

carrying out product-sum operation using a 
predetermined function based on electric sig- 
nals generated correspondingly to a distribu- 
tion of a quantity of light which is received by 45 
said linear light sensor; 
estimating a function to approximate to a pre- 
cise location of said images from a result of 
said product-sum operation; and 
calculating a distance to said measuring so 
object. 

5. A distance measuring method comprising the steps 
of: 

55 

an^nging at least two distance measuring 
equipments set forth in claim 1 on tx)tii sides of 
a sheet-like measuring object; 



calculating distances from said respective dis- 
tance measuring equipments to said sheet-like 
measuring object; and 

calculating a thickness of said sheet-like meas- 
uring object based on said distances calcu- 
lated. 
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